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ORIGINAL ARTICLE: Experimental Endoscopy
Third-generation cholecystectomy by natural orifices: transgastric
and transvesical combined approach (with video)
Carla Rolanda, MD, Esteˆva˜o Lima, MD, Jose´ M. Peˆgo, MD, Tiago Henriques-Coelho, MD, David Silva, MD,
Ivone Moreira, Guilherme Macedo, MD, PhD, Jose´ L. Carvalho, MD, Jorge Correia-Pinto, MD, PhD
Braga, Portugal
Background: An isolated transgastric port has some limitations in performing transluminal endoscopic chole-
cystectomy. However, transvesical access to the peritoneal cavity has recently been reported to be feasible and
safe.
Objective: To assess the feasibility and the technical benefits of transgastric and transvesical combined
approach to overcome the limitations of isolated transgastric ports.
Design: We created a transgastric and transvesical combined approach to perform cholecystectomy in 7 consec-
utive anesthetized female pigs. The transgastric access was achieved after perforation and dilation of the gastric
wall with a needle knife and with a balloon, respectively. Under cystoscopic control, an ureteral catheter, a guide-
wire, and a dilator of the ureteral sheath were used to place a transvesical 5-mm overtube into the peritoneal
cavity. By using a gastroscope positioned transgastrically and a ureteroscope positioned transvesically, we carried
out cholecystectomy in all animals.
Results: Establishment of transvesical and transgastric accesses took place without complications. Under a car-
bon dioxide pneumoperitoneum controlled by the transvesical port, gallbladder identification, cystic duct, and
artery exposure were easily achieved in all cases. Transvesical gallbladder grasping and manipulation proved to
be particularly valuable to enhance gastroscope-guided dissection. With the exclusion of 2 cases where mild
liver-surface hemorrhage and bile leak secondary to the sliding of cystic clips occurred, all remaining cholecys-
tectomies were carried out without incidents.
Limitations: Once closure of the gastric hole proved to be unreliable when using endoclips, the animals were
euthanized; necropsy was performed immediately after the surgical procedure.
Conclusions: A transgastric and transvesical combined approach is feasible, and it was particularly useful to
perform a cholecystectomy through exclusive natural orifices. (Gastrointest Endosc 2007;65:111-7.)
Since the first reports in the late 1980s, laparoscopy has
progressively become the criterion standard for cholecys-
tectomy, one of the most widely performed abdominal in-
terventions in developed countries. In fact, minimally
invasive surgery is now associated with many proven ad-
vantages over traditional open procedures, such as mini-
mal scarring, reduced pain, and faster patient recovery.1
In parallel with the progression of minimally invasive
surgery, improvements in endoluminal endoscopy have
made it an indispensable and multifaceted instrument
for diagnosis and, definitively, for therapy.2 Recently,
Reddy and Rao (N. Reddy, V. G. Rao, oral communications,
May 2005; N. Reddy, oral communication, May 2004), in
human beings, and Kalloo et al,3 in a porcine model, de-
scribed a new port to the peritoneal cavity through a trans-
gastric approach. Subsequently, various investigators
described more complex intra-abdominal procedures in
porcine model,4-12 opening a new era in the surgical field
in what seems to be the third-generation surgery: natural
orifice transluminal endoscopic surgery (NOTES).13
Park et al5 conducted the first pilot study in pigs by
applying NOTES to perform transgastric cholecystectomy.
By using 2 endoscopes or a single endoscope conjugated
with a transabdominal trocar, cholecystectomy was feasi-
ble, but important limitations were identified. These
were related to difficulty in controlling the pneumoperito-
neum and in obtaining a stable platform for anatomy ex-
posure, organ retraction, secure grasping, and adequate
Copyright ª 2007 by the American Society for Gastrointestinal Endoscopy
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triangulation of instruments. Swanstro¨m et al12 attempted
to overcome these limitations by using ShapeLock tech-
nology (USGI Medical, San Clement, Calif) as a new over-
tube for transgastric surgery. However, even with this
equipment, an isolated transgastric approach for gallblad-
der manipulation remained a challenge, with only a 33.3%
success rate.12
These studies were able to demonstrate that cholecys-
tectomy may one day be performed without skin incisions.
The development of other natural orifice accesses, how-
ever, may play an important role in overcoming some of
the limitations identified for those who performed ab-
dominal surgery through isolated transgastric surgery.13
By applying these concepts, Lima et al14 demonstrated
that transvesical endoscopic peritoneoscopy was techni-
cally feasible and could be safely performed in a porcine
model. By using a transvesical port, it was possible to in-
troduce 5-mm rigid instruments, such as graspers, scis-
sors, and telescopes. We hypothesized that a transvesical
port could be useful to perform abdominal procedures
in combination with a transgastric pathway.
The purpose of this experimental study was to assess
the feasibility and the technical benefits of a combined
transgastric and transvesical approach for cholecystec-
tomy in a porcine model.
MATERIALS AND METHODS
This was a nonsurvival study approved by the ethical
review boards of Minho University (Braga, Portugal). For
this study, we included 15 small (15-25 kg) female pigs
(Sus scrofus domesticus) so that the current ureteroscope
length could easily achieve the upper-abdominal organs.
After a significant surgical and anesthetic learning curve,
the results of which are not included in this report (9
animals), we performed the cholecystectomy exclusively
through natural orifices (transgastric and transvesical com-
bined approach) in 7 consecutive animals. After the surgi-
cal procedures, the animals were euthanized, and
necropsies were performed.
Pig preparation
The animals were fed liquids for 3 days and then were
restrained from food (24 hours) and water (6 hours) be-
fore the surgical intervention. All procedures were perfor-
med with the pigs under general anesthesia, with 5.0-mm
endotracheal intubation and mechanical ventilation.
Preanesthesia medication consisted of an intramuscular
injection of 32 mg/mL azaperone (Stressnil; Esteve Farma,
Barcelona, Spain) reconstituted with 1 mg/mL midazolam
(Dormicum; Roche, Amadora, Portugal) at a dose of 0.15
to 0.2 mL/kg.
Venous access was obtained through an intravenous
line placed in the marginal ear vein. Anesthesia was in-
duced with 3 mg/kg fentanyl (Fentanest; Janssen-Cilag,
Capsule Summary
What is already known on this topic
d Transgastric cholecystectomy is feasible in a porcine
model, but it has limitations that jeopardize its clinical
application, including difficulty in controlling the
pneumoperitoneum and in securing a stable platform for
anatomy exposure, organ retraction, secure grasping,
and adequate instrument triangulation.
What this study adds to our knowledge
d In 7 pigs, gallbladder identification and cystic duct and
artery exposure were achieved by using transvesical
and transgastric access; transvesical gallbladder grasping
and manipulation was particularly useful in gastroscope-
guided dissection.
Queluz, Portugal), 10 mg/kg thiopental sodium (Pento-
thal; Abbott, Alfragide, Portugal), and 1 mg/kg vecuronium
(Norcuron; Organon, Oss, The Netherlands). Anesthesia
was maintained with 1.5% to 2% sevoflurane (Sevorane;
Abbott) and a perfusion of 1 mg/kg per hour of vecuro-
nium. All animals received an intramuscular injection of
1 g ceftriaxone (Rocephin; Roche) before beginning the
surgical procedures.
Surgical technique
Transvesical access. Creation of a transvesical access
is illustrated in Video 1 (available online at http://www.
giejournal.org). An ureteroscope (A2942A; Olympus, To-
kyo, Japan) was introduced through the urogenital sinus
and the urethra into the bladder with hydrodistension. Be-
fore any further procedure, the bladder was emptied of
urine and refilled with saline solution. The vesicotomy
site was carefully selected on the ventral bladder wall, pos-
terior to the bladder dome. A mucosal incision was made
with a scissors (A2576; Olympus) introduced by the work-
ing channel of the ureteroscope. Subsequently, a 5F open-
end ureteral catheter (Selectip, 62450200; Angiomed,
Bard, Murray Hill, NJ) was pushed forward through the in-
cision into the peritoneal cavity. A 0.035-inch flexible-tip
guidewire (RF*GA35153M, Terumo Corp, Somerset, NJ)
was then inserted into the peritoneal cavity through the
lumen of the ureteral catheter. Guided by the flexible-tip
guidewire, the vesical hole was enlarged with a dilator of
an ureteroscope sheath (250-105; Microvasive Endoscopy,
Boston Scientific Corp, Natick, Mass), which was envel-
oped with an overtube designed by us (25-cm length,
5.5-mm internal diameter, and 1-mm wall thickness). A
rigid ureteroscope was introduced into the peritoneal cav-
ity within the overtube and allowed the creation of a pres-
sure-controlled carbon dioxide (CO2) pneumoperitoneum
up to 12 mmHg. Through the overtube, we could insert
into the peritoneal cavity either a video telescope with
Cholecystectomy by natural orifice transluminal endoscopic surgery Rolanda et al
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5-mm diameter, chip-on-the-tip, and 0-degree view direc-
tion, normally used as a laparoscope (EndoEye 50021A;
Olympus) or a rigid ureteroscope that includes a working
channel. The peritoneal cavity was thoroughly examined,
with particular emphasis on the stomach, the liver, and
the gallbladder.
Transgastric access. An adult forward-viewing, dou-
ble-channel endoscope (GIF-2T160; Olympus) was ad-
vanced into the esophagus and the stomach. The
stomach was lavaged with instilled water and was aspi-
rated through the gastroscope until free of food particles.
Subsequently, it was decompressed and a cefazolin solu-
tion (1 g in 200 mL saline solution) was instilled. The an-
tibiotic solution was left in the stomach for 10 minutes
before also being aspirated. For the gastrotomy-site selec-
tion and to avoid damage of the gastric vessels or sur-
rounding organs, the gastroscope operator was working
with both internal (provided by the gastroscope observing
the internal stomach indentation produced by external
abdominal palpation) and external (provided by the
EndoEye or ureteroscope) gastric-wall images. The gastro-
tomy site was carefully chosen on the anterior wall (body-
antrum transition). A gastric-wall incision was made by
pushing forward a needle knife, followed by its sheath
(KD-11Q-1; Olympus) with cautery (PSD 20; Olympus) un-
der a 12 mmHg CO2 pneumoperitoneum (induced
through the transvesical port). The needle-knife sheath
was then used for positioning a guidewire (5156-01; Micro-
vasive Endoscopy). The puncture dilation was performed
with an 18-mm through-the-scope balloon (5837; Microva-
sive Endoscopy) over the guidewire. On balloon semide-
flection, the gastroscope was pushed forward and
passed into the peritoneal cavity. All these procedures
were monitored by the scope positioned through the
transvesical port.
Cholecystectomy surgical procedure
After establishment of the 2 diametrically opposed
ports (transgastric and transvesical) and CO2-pneumoper-
itoneum creation, the ureteroscope easily identified the
gallbladder. A forceps was then passed through the ure-
teroscope working channel, and the gallbladder fundus
was grasped and upward retracted. This maneuver nicely
exposed the gallbladder infundibulum and the cystic
duct. Subsequently, the gastroscope was moved on retro-
flexion toward the gallbladder. The exposure achieved by
the transvesical gallbladder grasping allowed the gastro-
scope operator to quickly identify the cystic duct. This
allowed us to start careful dissection, handling either
a grasping forceps (FG-6L-1, FG-47L-1; Olympus) or
a 2.8-mm ball coagulation electrode (CD-1U; Olympus)
passed through the working channels of the gastroscope.
For this purpose, we also had available a pre-cut needle
knife (KD-11Q-1; Olympus) and a scissors (FS-5L-1; Olym-
pus). Both sides of cystic duct were completely dissected
by alternating the working channels of the grasping
forceps and the coagulation electrode. When the cystic
duct and artery were dissected and free, 3 clips (HX-
200L-135; Olympus) were applied: 2 on the gallbladder
extremity and the other proximally. Sectioning of pedicle
was then carried out with a needle knife. The grasping
provided by the ureteroscope allowed us to retract the
gallbladder body in the major axis (up and down; right
and left), looking for the most appropriate anatomical
exposure for dissection. Small position adjustments were
also possible when using the forceps introduced by the
gastroscope. Blunt dissection was taken progressively by
electrocautery of the gallbladder bed. When cholecystec-
tomy was completed, the gastroscopic forceps held the
cystic-duct extremity distally to clips, and the gallbladder
was removed via the esophagus and the mouth.
RESULTS
All procedures involved in the creation of the vesical
hole (cystoscopy, bladder mucosal incision, vesicotomy,
transvesical overtube passage) were performed without
complications. The ureteroscope was easily introduced
into the peritoneal cavity, and insufflation of CO2 was per-
formed without incident. By using the transvesical port,
we could obtain a perfect view of the upper-abdominal or-
gans (liver, gallbladder, stomach, spleen, and diaphragm).
This was particularly useful in helping the gastroscope
operator to safely perform the gastrotomy.
Under a CO2 pneumoperitoneum and with the view
provided by the transvesical port, we created the gastro-
tomy in a rapid, safe, and easy way. In fact, with our ap-
proach, neither gastric vessels nor surrounding organs
were damaged. In addition, the ureteroscope was ex-
tremely useful many times in assisting the passage of the
gastroscope through the gastrotomy.
Gallbladder identification was easily achieved in all
experiments, first, by the ureteroscope. After gallbladder
fundus grasping with transvesical instruments, the gastro-
scope easily identified the cystic duct in all cases (Fig. 1).
Under transvesical gallbladder retraction, gastroscopic dis-
section (Fig. 2), isolation, clipping, and sectioning (Fig. 3)
of the cystic duct and artery was feasible and, therefore,
was performed in a precise way in all cases. For these pur-
poses, we successfully used a grasping forceps and a coag-
ulation electrode inserted through the gastroscope
working channels. A pre-cut needle knife and scissors
were rarely applied in these procedures. After sectioning
of the clipped cystic duct and artery, we began a dissection
of the gallbladder from its bed by using the coagulation
electrode (Fig. 4). This proved to be the most fastidious
and, simultaneously, the most challenging part of the sur-
gery, because the gallbladder body is commonly hidden in
the liver parenchyma in pigs. Nevertheless, the transvesi-
cal grasping allowed significant manipulation of the gall-
bladder (Fig. 5), which was particularly useful in
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selecting the best position for the gastroscope-guided dis-
section. Liver-surface bleeding occurred in only one case,
where an oozing hemorrhage, which did not obscure en-
doscopic visualization, became significant after relief of
the gallbladder upward retraction. We also reported the
sliding of a cystic clip and a secondary bile leak as a com-
plication in another case, but, in this circumstance, bub-
bles from bile spillage seriously disturbed endoscopic
view.
Coordination of gallbladder transvesical-transgastric
manipulation proved feasible, with rapid progress during
the protocol. Similarly, gallbladder withdrawal and retro-
grade mouth exteriorization were easily achieved with
a grasper through the gastroscope. The median time for
the overall procedure, including establishment of trans-
vesical and transgastric ports, was 2 hours.
During preliminary experiments performed before
starting this study, the closure of a gastric perforation
with endoscopic clips were shown, to us, to be unreliable.
For this reason, we did not carry out any attempts of gas-
tric closure, and all the animals were euthanized at the
end of the cholecystectomy procedure. Necropsies did
not reveal any damage of the intraperitoneal organs re-
lated to the transgastric or transvesical access and manip-
ulation, except mild hemoperitoneum and bile peritoneal
spillage in the above referred cases. The gastric holes mea-
sured, on average, 15 mm.
DISCUSSION
Almost 20 years after the first human laparoscopic cho-
lecystectomy, a procedure that was initially viewed with
skepticism, many advances have occurred in surgery.1 Sim-
ilarly, with the recent unexpected success of a transgastric
approach in porcine model,3-12 an exciting new frontier in
minimally invasive surgery was born and is reenergizing
the surgical world: NOTES. Whereas, laparoscopic advan-
tages over the open cholecystectomy are well recognized,
many potential benefits of cholecystectomy by NOTES
over laparoscopy are predicted: (i) avoidance of abdomi-
nal scars; (ii) less painful procedure; (iii) possible avoid-
ance of general anesthesia; (iv) probably a preferable
approach for morbid obese patients or with scars, burns,
and infections in the abdominal wall; and (v) avoidance
of postoperative hernias.
When trying to reproduce previous descriptions of
transgastric cholecystectomy,5 we experienced several
Figure 2. Dissection of the cystic duct and artery. After upward gallblad-
der retraction (by transvesical port), small position adjustments were
possible by using the forceps introduced by the gastroscope.
Figure 1. Exposure of cystic duct and artery. A, Ureteroscope image: the
ureteroscopic forceps holds the gallbladder fundus. B, Gastroscope im-
age: transvesical gallbladder retraction exposes the cystic duct and artery
for the gastroscope.
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problems, as highlighted by others.5,12 This gave us the ra-
tionale to predict that an additional transvisceral port dia-
metrically opposed to the stomach would be helpful in
performing complex upper-abdominal endoscopic proce-
dures. In this sequence, we recently proved that a transves-
ical access through a 5-mm port was technically feasible
and safe in a survival porcine model.14 In the current
study, we tested the feasibility and the technical utility of
using 2 opposed ports; rigid instruments were used in
one to perform cholecystectomy.
Gallbladder identification and cystic pedicle exposure
have been reported as a challenge when using an exclu-
sive transgastric port.5,7,12 Interestingly, with our ap-
proach, we could easily identify the gallbladder and
expose the cystic duct and artery in all cases. In fact, the
frontal view provided by the transvesical access was a de-
terminant for these achievements, because it allowed us
to rapidly identify gallbladder fundus, usually without
needing special transgastric intervention. Furthermore,
the gallbladder upward retraction accomplished by the
transvesical operator easily exposed the cystic duct and
artery for the gastroscope.
Efficient gallbladder retraction was clearly enhanced by
using rigid instruments through the transvesical port. The
possibility to introduce rigid instruments with direct han-
dling reinforces the role of a transvesical port in NOTES
procedures. One of the major limitations of transgastric
surgery was the inexistence of a stable platform that per-
mits organ retraction and triangulation for gallbladder
dissection and manipulation.13,15 This limitation was
attributed to the flexibility of current gastroscopes that
avoid robust grasping and retraction. In fact, we also
had an opportunity to verify that the gastroscope in the
retroflexion position and unsupported in the pneumoper-
itoneum was unreliable for simultaneously exerting organ
retraction and dissection. To overcome this limitation,
Park et al5 used either an additional gastroscope or a trans-
abdominal trocar, whereas Swanstro¨m et al12 used flexible
multilumen guides that can be locked in position. Even in
these circumstances, cholecystectomy was accomplished
in only 33% of the attempts. Our transvesical port allowed
the passage of a rigid forward-viewing instrument with
a forceps that permitted efficient grasping and retraction.
In addition, it made it possible to mobilize the gallbladder
in various axes, exposing different areas for gastroscope-
guided dissection. This partially overcame the absence
of triangulation experienced when using only a transgastric
port. Although we still needed to work in a retroflexion
position, the good exposure achieved by coordinated
movements of transvesical devices allowed us to straight-
forwardly use instruments through both the gastroscope
working channels, minimizing the need of gastroscope-
dependent grasping.
Another advantage of using the transvesical port
was the possibility to work under a pressure controlled
CO2 pneumoperitoneum. This overcomes some common
consequences of pneumoperitoneum created by the
gastroscope, such as the detrimental action of high
(O15 mm Hg) intraperitoneal pressures, the augmented
combustion risk, and the slower air reabsorption rate.13
In fact, insufflation provided by current flexible endo-
scopes is neither pressure controlled nor uses CO2.
Insufflation of the pneumoperitoneum before gastro-
tomy creation proved useful in preventing undesired dam-
age of gastric vessels and adjacent organs. In addition,
with the transvesical image, we could monitor all proce-
dures involved in the gastrotomy creation. Unintended
and unrecognized laceration of adjacent organs is a major
Figure 3. Cystic duct and artery clipping. After cystic duct and artery dis-
section, endoscopic clips were easy to apply allowing sectioning by a nee-
dle knife.
Figure 4. Beginning of gallbladder-bed dissection. By using electrocau-
tery, gallbladder bed dissection was carefully undertaken step-by-step.
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concern reported by investigators dealing with transgas-
tric approach.16 In fact, there are descriptions of liver
and anterior abdominal-wall trauma during gastrotomy.10
The CO2 pneumoperitoneum and the open front view
provided by the transvesical port allowed the displace-
ment of the abdominal wall from the stomach and pro-
vided a good in-time control of the gastric exit of the
gastroscope, making the procedure more rapid and safe.
The risk of adjacent structure damage was not a problem
during the creation of transvesical port, because it is cre-
ated with atraumatic instruments and without electrocau-
tery. In addition, because bowel loops in contact with the
bladder wall (small intestine and sigmoid colon) are free
in the abdomen, they run ahead of the ureteral catheter
atraumatic tip.
Although this study reinforces that NOTES cholecystec-
tomy is feasible, some important technical pitfalls remain
unsolved. Gastric closure is likely the most important is-
sue limiting widespread translation of NOTES for human
beings. Although, we attempted to reproduce the tech-
nique of endoclip gastric closure executed by several in-
vestigators,3,5,7,10,11 we realized that endoclip application
(currently available) was fastidious and cumbersome,
with unreliable results and poor safety. This was the rea-
son that we did not go forward with survival studies. We
do not exclude the hypothesis that our technique for gas-
tric perforation (balloon dilation) disturbed the condi-
tions for clip application. In fact, we recognize that if
dilation is efficient in maintaining muscle integrity for con-
traction, the cutting electrocautery would define more
regular borders for tissue approximation. Even knowing
gastric injuries heal quickly and that survival studies
have been done, without any maneuver for gastric closure,
with surprising good results,4 we believe that this is a ma-
jor drawback that might risk the technique accreditation if
not correctly surmounted. With regard to a transvesical
port, we previously demonstrated in a survival study that
a 5-mm transvesical hole closes spontaneously without
complications in a porcine model.14 Bladder decompre-
ssion by a vesical catheter and the healthiness of the
bladder wall explain why vesicotomy suturing may not
be necessary.
The risk of infection should not be neglected. Although
neither bladder nor stomach are physiologically infected,
the routes followed by the scopes may contaminate
them. The development of appropriate overtubes, as al-
ready used by others4,11 for transgastric surgery, might sig-
nificantly minimize this risk.
During our experiments with a transvesical port, we
detected that the current instruments are too short to
reach the upper abdomen. In our study, we dealt with
this problem by using smaller animals, but we feel that
biomedical engineering will need to develop longer in-
struments if we want to use the transvesical port in adult
human beings.
In conclusion, this study demonstrated the usefulness
of combining 2 natural orifices (transgastric and trans-
vesical) ports in moderately complex abdominal surgical
procedures, eg, cholecystectomy. The addition of the
transvesical port overcame most of the limitations previ-
ously reported for those who attempted to perform cho-
lecystectomy exclusively through a transgastric approach.
This study reinforces the feasibility of exclusive natural
orifices transluminal endoscopic cholecystectomy.
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Figure 5. Coordinated transgastric-transvesical approach. A, Uretero-
scope image, and B, gastroscope image, illustrating how transgastric
and transvesical combined approach can easily mobilize the gallbladder.
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LETTERS TO THE EDITOR
Searching the best approach
for third-generation cholecystectomy
To the Editor:
We carefully read the study from Pai el al1 that demon-
strates the technical feasibility of transcolonic cholecystec-
tomy. Recently, we also investigated an endoscopic
approach to perform scarless cholecystectomy through
a transgastric and transvesical combined approach.2 In
our study, we also confirmed that an abdominal inferior
port provides an en face orientation to the upper abdom-
inal organs and allows better visualization and the ability
to work straightforwardly. However, for these purposes,
we used a transvesical instead of a transcolonic port. In
fact, the transvesical access to the peritoneal cavity was
feasible, easy to install, and safe in a survival porcine
model study. Moreover, it should be emphasized that we
did not experience any complications, such as adhesions
or peritonitis, even when we left the vesicotomy point
unclosed.3
However, previous studies that tried to perform chole-
cystectomy by natural orifice transluminal endoscopic sur-
gery (NOTES) performed it by using a single port, either
transgastric or transcolonic.1,4,5 These approaches share
common limitations, such as difficulties in performing effec-
tive retraction and dissection with triangulation. In fact, we
should not forget that cholecystectomy is a moderately
complex procedure, usually needing 4 to 5 trocars in the
laparoscopic technique. To deal with these limitations, we
combined 2 diametrically opposed ports (transgastric and
transvesical), which was particularly useful.2
Although these studies clearly reinforce the idea that
third-generation cholecystectomy (by NOTES) might be
feasible in human beings in the near future, further experi-
mental studies are needed to identify the most appropriate
approach.
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Response:
We appreciate the comments of the Correia-Pinto team
regarding our article on transcolonic NOTES cholecystec-
tomy and look forward to their upcoming publication
involving a unique transvesical approach. Their work
appears to confirm the advantages of working in an enface
position as provided by an inferior peritoneal access site.
Additionally, they emphasize the benefits of diametrically
opposed ports.
We too have dabbled with simultaneous ports; however,
we utilized gastric and colonic access sites (referred to as
the ‘‘rotisserie method’’ by some in our laboratory). The
extra port may be advantageous in providing traction and
occasionally may present a better angle for dissection;
however, we would hope not to rely on this for most proce-
dures in the future. If an additional port is essential to com-
plete a given procedure, it may be more suitable to use
micro-trochars rather than a second site of luminal breach,
until other options are available. Also, just as different
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Third-Generation Nephrectomy by
Natural Orifice Transluminal Endoscopic Surgery
Estevao Lima, Carla Rolanda, José M. Pêgo, Tiago Henriques-Coelho, David Silva, Luís Osório,
Ivone Moreira, José L. Carvalho and Jorge Correia-Pinto*
From the Life and Health Sciences Research Institute, School of Health Sciences, University of Minho (EL, CR, JMP, DS, JCP) and
Departments of Gastroenterology and Anesthesiology, S. Marcos Hospital (CR, JMP), Braga, Department of Urology, St. António General
Hospital (EL, LO) and Department of Pediatric Surgery, S. Joao Hospital (THC, JLC, JCP), Porto and Department of Oncology, Sra.
Oliveira Hospital (IM), Guimarães, Portugal
Purpose: Recently there has been increasing enthusiasm for performing simple abdominal procedures by transgastric
surgery. We previously reported the usefulness of a combined transgastric and transvesical approach to cholecystectomy. In
this study we assessed the feasibility of combined transgastric and transvesical approach for performing a more complex
surgical procedure, such as nephrectomy, in a porcine model.
Materials and Methods: In a nonsurvival study combined transgastric and transvesical approaches were established in 6
female pigs. Under ureteroscope guidance we installed a transvesical 5 mm over tube into the peritoneal cavity and a flexible
gastroscope was passed orally into the peritoneal cavity by a gastrotomy. We performed right or left nephrectomy with
instruments introduced by the 2 devices that worked in the renal hilum, alternating device intervention for dissection and
retraction procedures.
Results: Four right and 2 left nephrectomies were performed. There were no complications during the creation of trans-
vesical and transgastric access. In all animals we visualized the 2 kidneys. The renal vessels and ureter were reasonably
individualized and ligated separately with ultrasonic scissors, which were introduced through the transvesical port. In 2 early
cases mild hemorrhage occurred after ultrasonic ligation. To overcome this complication we applied clips successfully before
ultrasonic ligation in the remaining animals. Thus, complete renal release and mobilization to the stomach were achieved in
all animals.
Conclusions: Nephrectomy by natural orifices using the combined transgastric and transvesical approach is technically
feasible, although to our knowledge there is no reliable method for removing the specimen with current instruments.
Key Words: kidney; swine; nephrectomy; endoscopy; surgical procedures, minimally invasive
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enal surgery has its origin some 400 years B.C.E.
with the drainage of abscesses and the removal of
calculi from renal fistulas. In the early 19th century
kidneys were sometimes removed inadvertently during at-
tempted ovarian surgery with the observation that the re-
maining kidney continued to produce normal amounts of
urine. However, it was not until 1869 that Simon performed
the first planned nephrectomy.1 During the last century
there was progressive development of the surgical tech-
nique, aiming mainly at organ resection without apprehen-
sion and associated morbidity.
With the first laparoscopic nephrectomy in 1990 per-
formed by Clayman et al a revolution began with the imple-
mentation of laparoscopic techniques that had become ac-
cepted by the urological community worldwide, initially for
benign and more recently for malignant renal disease.2 The
main reasons that minimally invasive surgery increased in
popularity were the many proven advantages over tradi-
tional open procedures, such as minimal scarring, decreased
pain and more rapid patient recovery.3
Currently NOTES is being studied as a potentially less
invasive alternative to conventional laparoscopy for intra-
abdominal surgery. In fact, there is increasing hope that we
will be able to perform the most common abdominal proce-
dures in humans using this revolutionary technique that
seems to be third-generation surgery. After the development
of transvaginal peritoneal access, mainly for specimen ex-
traction,4 Gettman et al used this approach to perform ne-
phrectomy.5 More recently transgastric access to the perito-
neal cavity was described with unexpected success.6
Subsequently we had the opportunity to test the feasibility
and safety of a transvesical port to the peritoneal and tho-
racic cavities.7,8 This port was revealed to be particularly
important because some procedures that appeared hazard-
ous and not viable using an isolated transgastric port be-
come feasible and safe when performed by a combined trans-
gastric and transvesical approach, as we recently described
for cholecystectomy.9
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Before translation in humans additional preclinical stud-
ies are still needed to increase our confidence with these
techniques in high risk procedures such as nephrectomy.10
We report the feasibility of the combined transgastric and
transvesical approach for performing scarless natural orifice
nephrectomy in a porcine model.
MATERIALS AND METHODS
This study was approved by ethical review boards at Minho
University, Braga, Portugal. After a surgical learning curve
of 4 animals (data not shown) right or left nephrectomy was
performed in 6 consecutive anesthetized female pigs (Sus
scrofus domesticus) weighing 25 to 30 kg. After the surgical
procedures the animals were immediately sacrificed and
necropsy was performed.
Pig Preparation
The animals were fed liquids for 3 days and then were
denied food for 24 hours and water for 6 before surgical
intervention. All procedures were performed using general
anesthesia, as described previously.7
Surgical Technique and Instruments
The technique of performing nephrectomy by NOTES was
begun using a transvesical port and subsequently a trans-
gastric port (fig. 1). Through the transvesical port we used
a rigid Olympus® A2942A ureteroscope, LCSC5L Ultra-
Cision® Harmonic Scalpel® Long Shears ultrasonic scissors
or an EL5ML Ligamax™5 clip applicator. Through the
transgastric port an adult, forward viewing, double channel
Olympus GIF-2T160 endoscope was introduced. Through
the working channels of the 2 endoscopes we used certain
instruments, including 1) ureteroscope instruments (Olym-
pus A2574 grasping forceps and Olympus A2576 scissors)
and 2) gastroscope instruments (an Olympus KD-11Q-1 nee-
dle knife, a Microvasive® 5156-01 guidewire, a Microvasive
5837 through the scope balloon, Olympus FG-6L-1 and FG-
47L-1 grasping forceps, a KD-16Q-1 papillotomy knife and a
Sensation™ M00562650 endoscopic snare). For cautery we
used standard Olympus PSD 20 electrocautery equipment.
Transvesical Access
A transvesical port was established, as previously described by
our group.7 Briefly, a ureteroscope was introduced into the
bladder with CO2 distention. After making a small mucosal
incision on the bladder dome we used a 5Fr open end 62450200
Selectip™ ureteral catheter to perform cystotomy. Guided by a
0.035-inch flexible tip RF*GA35153M Terumo® guidewire the
vesical hole was enlarged with the dilator of a 250-105 Micro-
vasive ureteroscope sheath, which was enveloped with a 5.5
mm over tube. A rigid ureteroscope was introduced into the
peritoneal cavity within the over tube, allowing the creation of
pressure controlled CO2 pneumoperitoneum as necessary. The
peritoneal cavity was thoroughly examined.
Transgastric Access
As previously described,9 we introduced the gastroscope into
the peritoneal cavity through a gastrotomy established on
the anterior stomach wall. The gastric wall incision was
made by a needle knife with cautery and it was then in-
creased using a papillotomy knife. All procedures were mon-
itored using the view provided by the ureteroscope intro-
duced through the transvesical port.
Nephrectomy Procedure
The animals were placed in the lateral decubitus position at
the beginning of the procedure to expose the contralateral
kidney. Subsequently the selected kidney and respective
hilum were immediately identified by the 2 endoscopes. We
then mobilized the lower kidney pole by opening the parietal
peritoneum with cautery using the needle knife introduced
by the gastroscope. This procedure was helped by suspend-
ing the peritoneum using grasping forceps introduced
through the working channel of the ureteroscope. Subse-
quently the peritoneum was reflected off the kidney hilum
by serial combined actions of the grasping forceps and a
needle knife introduced through the ureteroscope and gas-
troscope, respectively. This maneuver exposed the hilar el-
ements, such as the renal vein, renal artery and urinary
excretory structure. The renal vessels were then individual-
ized and completely dissected from the surrounding tissues
using instruments introduced through the 2 endoscopes,
which worked in coordinated fashion.
FIG. 1. Instrument positioning for nephrectomy by combined trans-
gastric and transvesical approach. a, gastroscope in retroflexion
approaching renal hilus. b, ureteroscope.
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After the renal artery and vein were completely dissected
and circumferentially individualized the ureteroscope was
removed from the peritoneal cavity. Subsequently 5 mm
ultrasonic scissors were introduced into the peritoneal cav-
ity through the transvesical over tube and guided to the
renal hilum using the gastroscopic image. The artery was
positioned between the blades of the ultrasonic scissors and
divided using level 1 for maximum coagulation. The renal
vein was divided in a similar procedure. In 2 pigs the renal
vessels were clipped before division by the ultrasonic scis-
sors. It is worth mention that the renal vessels were divided
using 5 mm transvesical instruments, which were used un-
der gastroscope guidance. When the renal hilum was com-
pletely free, we completed kidney dissection by isolating and
mobilizing the upper pole using transvesical ultrasonic scis-
sors or the needle knife, always under gastroscope guidance.
Finally, we divided the ureter by half of its trajectory and
the kidney was dragged from its bed in the direction of the
stomach, held by an endoscopic snare. However, the kidney
was left in the animal since we were not able to extract it
with the current instruments.
After removing the organ the hilar renal area was
washed and inspected for bleeding. Adjacent organs were
evaluated for evidence of laceration and perforation.
RESULTS
Nephrectomy by the combined transgastric and transvesical
approach was done in 6 pigs. The procedures involved in the
creation of the vesical hole (cystoscopy, bladder mucosal
incision, cystotomy and transvesical over tube passage) were
performed easily and rapidly, and without complications in
all animals. The ureteroscope was introduced in straight-
forward fashion into the peritoneal cavity and CO2 insuffla-
tion was performed without incident. The ureteroscopic im-
age was particularly valuable for helping the gastroscope
operator select the most appropriate point for gastrotomy on
the anterior gastric wall (fig. 2). Additionally, the external
view of the gastric wall provided by the ureteroscope allowed
us to create the gastrotomy while preventing damage to the
major gastric vessels and adjacent structures (fig. 2, B). In fact,
beginning access to the peritoneal cavity through the trans-
vesical approach resulted in no complications during gastric
incision and gastroscope entrance into the peritoneal cavity.
From the transgastric and transvesical ports it was pos-
sible to easily find the selected kidney for nephrectomy
(fig. 3). It should be stressed that the gastroscope was used
most of the time in retroflexion. In fact, the kidney was more
easily visualized by the gastroscope in the retroflexion posi-
tion, directing its tip toward the upper quadrant. This al-
lowed us to work with the gastroscope in a stable position.
Further procedures in the performance of nephrectomy
were done using coordinated movements of the gastroscope
and ureteroscope operators, which increased during the ex-
perimental protocol. Creation of a peritoneal window in the
lower pole of the kidney and subsequent dissection to expose
the renal hilum were accomplished in all animals in a rapid
and safe way (fig. 4). These procedures were done most of the
time by the gastroscope operator, whereas the ureteroscope
operator grasped the peritoneum. Maneuvers to dissect and
isolate the hilar vessels were done using gastroscope or
ureteroscope instruments, always in coordinated move-
ments (fig. 5). Although it was time-consuming, vessel iso-
lation was reasonably accomplished without hemorrhage in
all animals.
To promote renal vessel ligation we always used the same
sequence, characterized by removal of the ureteroscope and
followed by the introduction of ultrasonic scissors into the
peritoneal cavity through the transvesical over tube. Trans-
vesical instrument exchange was always guided by the gas-
troscopic image (fig. 6). In the first 2 animals ligation of the
artery and vein with the ultrasonic scissors was efficient
with no evidence of hemorrhage (figs. 7 and 8). In animals 3
and 4 ultrasonic ligation of the renal artery was insufficient,
causing mild hemorrhage that significantly blurred the view
of renal hilar structures. Although in these cases hemor-
rhage could be safely controlled with gastroscope instru-
FIG. 2. Gastrotomy creation with papillotomy knife. A, gastroscopic
image shows internal view. B, ureteroscopic image shows external
view.
FIG. 3. Renal identification before starting dissection. A, gastro-
scopic image. B, ureteroscopic image.
FIG. 4. Creation of peritoneal window for hilar approach. A, opening
peritoneum. B, visualizing hilar elements.
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ments, such as grasping forceps followed by ultrasonic cau-
tery reapplication, in the last 2 animals we successfully
applied endoscopy clips before ultrasonic ligation to increase
the safety of vessel ligation. Clip application was easy and
this approach was particularly successful with hemorrhage
in none of these cases.
After vessel ligation ureteral dissection and section were
easily accomplished in all animals (fig. 9). The kidney was
easily released by sectioning the peritoneum from the upper
renal pole and posterior perirenal tissue. For these proce-
dures we used gastroscope cautery or transvesical ultrasonic
scissors. The kidney was then mobilized from the renal bed,
held with a gastroscopic snare and pulled to the stomach
(fig. 10).
Nephrectomy was performed under pressure controlled
CO2 pneumoperitoneum. However, it should be emphasized
that most of the time the surgical procedure was performed
under a low CO2 pressure of around 3 mm Hg. In fact,
pneumoperitoneal pressure was increased up to 12 mm Hg
only during gastric perforation and exchange of the trans-
vesical surgical instrument.
Median time for the overall procedure, including estab-
lishment of the transvesical and transgastric port, was
around 120 minutes (range 90 to 150). Procedure time de-
creased with experience.
All animals were sacrificed at the end of the nephrectomy
procedure, immediately after surgery. Necropsy did not re-
veal any damage to the abdominal viscera that was related
to transgastric and transvesical access to the peritoneal
cavity. It was possible to confirm nephrectomy and perfect
ligation of the renal vessels.
DISCUSSION
The current study confirms that nephrectomy is feasible
exclusively by NOTES. Moreover, the combined transgastric
and transvesical approach was particularly useful for com-
plete renal manipulation. Thus, renal intervention might be
included in the list of potential clinical indications for
NOTES.
This study describes a revolutionary surgical approach that
is being used for an increasing number of procedures, such as
FIG. 5. Renal vessel dissection. A, gastroscopic view of renal vein.
B, gastroscopic view of renal artery. C, ureteroscopic view of renal
artery. D, ureteroscopic view of renal vein.
FIG. 6. Gastroscopic view of entrance of ultrasonic scissors into
abdomen by transvesical port.
FIG. 7. Gastroscopic image reveals renal artery ultrasonic ligation.
A, starting ligation. B, finishing ligation. C, completed ligation.
FIG. 8. Gastroscopic image demonstrates renal vein ultrasonic liga-
tion. A, dissected vein. B, starting ligation. C, finishing ligation.
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fallopian tube ligation, cholecystectomy, gastrojejunostomy,
partial hysterectomy, oophorectomy and splenectomy essen-
tially via the transgastric route.11–17 In fact, there are sev-
eral theoretical advantages to NOTES. 1) There are no
abdominal incisions and, therefore, abdominal wound infec-
tions and incisional hernias are avoided, possibly resulting
in less pain and certainly in a better cosmetic effect. 2) There
may be potential advantages of a more rapid recovery, fewer
adhesions and less postoperative ileus. 3) The natural orifice
approach to the peritoneal cavity may be the ideal route in
morbidly obese patients.10
Believing in the potential benefits of natural orifices ap-
proach to abdominal surgery, to our knowledge we were the
first group to use a combined transgastric and transvesical
approach to perform cholecystectomy, aiming to overcome
many limitations that were previously described for the
isolated transgastric approach related to anatomy exposure,
organ retraction, grasping and limited triangulation.9 Inter-
estingly the combination of transgastric and transvesical
ports was also particularly useful for approaching the kid-
ney, making nephrectomy feasible by NOTES. We used the
transvesical port because it is diametrically opposed to the
transgastric port and seems to offer additional advantages
over transvaginal and transcolonic ports.18 In fact, although
the transvesical port does not support as large instruments
as transvaginal and transcolonic ports, it is sterile, available
in the 2 genders and seems particularly safe, at least in a
porcine model, even when left unclosed. Moreover, the blad-
der dome offers the most anterior position in the lower
abdomen, allowing the introduction of surgical instruments
above the bowel loops.7,19 As proven by Gettman et al,5 the
great advantage of the transvaginal approach is its avail-
ability to remove the specimen.
Regarding the surgical technique, after a short learning
curve we could open the renal peritoneum and dissect the
renal vessels and ureter in a safe way. To open the perito-
neum and dissect the hilum the coordination of the gastro-
scope and ureteroscope operators was vital. In fact, the 2
operators were constantly alternating their intervention on
dissection vs retraction procedures. Whereas the uretero-
scope had the advantage of being rigid, it had a significant
limitation in width and image resolution as well as its frag-
ile instruments. In contrast, the gastroscope had an enor-
mous advantage in width and image quality but its flexibil-
ity and unstable platform frequently compromised its
intervention. The gastroscope operator dealt with this limi-
tation, working frequently in retroflexion with the gastro-
scope loop supported on the abdominal walls. With this
approach we could dissect the right or left kidney in a sim-
ilar way. However, it might be emphasized that in pigs the
2 kidneys are not hidden by the colon. In fact, predicting
translation into humans, we should not neglect that the
colon loop might complicate any renal approach by NOTES.
Regarding vessel ligation, we refused the idea of using an
endoscopic loop to ligate the renal vein and artery simulta-
neously, as others described for splenectomy.17 We chose to
individualize each vessel, which we reasonably accom-
plished in the majority of cases, ligating them individually
with ultrasonic scissors. Ultrasonic ligation was sufficient
for most vessels but in 2 animals we observed mild hemor-
rhage after ultrasonic ligation. In this sequence we success-
fully applied surgical clips in some animals before ultrasonic
ligation. The ureter was also easily dissected and ligated in
all cases. After complete kidney release we used an endo-
scopic snare to hold up the organ and pull it out to the
stomach.
During our experiments we realized that most of the time
we could work safely with a low CO2 pressure of approxi-
mately 3 mm Hg. We have 2 major explanations for this
finding. 1) The entrance of the instruments into the abdo-
men is parallel to the abdominal wall. Thus, we do not need
significant pneumoperitoneum because the instruments use
the abdominal wall as a fulcrum when mobilized. 2) The
close-up properties of endoscopic instruments, particularly
the gastroscope, might be particularly relevant because, if
confirmed in posterior experiments, it could mean that the
surgical stress of NOTES procedures might be significantly
decreased compared with that of laparoscopy. In fact, most
surgical laparoscopic stress is related to CO2 pressure.
20
A major limitation of the current technique is related to
our inability to safely close the gastrotomy. In fact, a critical
element of any transgastric procedure is the ability to se-
curely close the gastrotomy site that is required for endo-
scope passage and specimen removal. It is generally consid-
ered that an appreciable increase in patient morbidity from
postoperative gastric leaks would expunge any patient ad-
vantage of the transgastric approach. For NOTES to achieve
widespread adoption gastrotomy closure must be completely
reliable. In this regard there are currently several endo-
scopic suturing devices in development.21 Because we do not
have available at our laboratory a reliable device to close the
gastrotomy, we did not enlarge the gastrotomy to pull the
specimen into the stomach. To promote its extraction we
FIG. 9. A, individualized ureter. B, ureteral ligation
FIG. 10. Completed nephrectomy. A, gastroscopic snare drags re-
leased kidney. B, renal bed after kidney removal.
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predicted that it would be removed after its division or
morcellation. Thus, we decided to sacrifice all animals after
nephrectomy and necropsy revealed that the renal vessels
were completely sealed.
A common drawback of the NOTES approach is its limited
capability to deal with perioperative complications. Although
we were able to control mild hemorrhage with current com-
mercial instruments, we believe that new instruments and
devices are needed to increase our confidence in NOTES to
perform complex intra-abdominal surgical procedures. Cur-
rent ureteroscopes are highly developed for diagnostic and
limited therapeutic tasks in the urinary tract but they are far
from the ideal design to be used in NOTES. They have several
limitations that limit their capabilities. 1) The image quality
of the ureteroscope is not similar to that of the gastroscope or
laparoscope and light intensity is also sometimes inade-
quate. 2) Ureteroscopes usually have a diameter of between
3.3 and 4.3 mm with 1 or 2 working channels of 4.2 Fr and
6.6 Fr, respectively, which limits the size of instruments.
The endoscope shaft should be 5 mm and it should contain a
larger channel to introduce other instruments with better
efficiency. 3) Although the current rigid ureteroscope has
some advantage for NOTES, such as allowing vigorous or-
gan retraction for exposure, its rigidity might be a limitation
to achieve retroperitoneum and other organs that are not in
the axis of the bladder dome. Moreover, the tip of the ure-
teroscope should have flexibility and the ability to maneuver
in all planes, allowing better tissue manipulation. The ideal
device should allow complete rigidity for insertion and posi-
tioning with subsequent rigidity of the shaft, allowing trac-
tion/counter traction and continued flexibility of the tip,
which should free the surgeon hands to manipulate different
organs and tissues. 4) We should emphasize that the ultra-
sonic shears and even the clips that we used in this study for
hilar ligation are not consensually approved for human pur-
poses.
Although these concepts of NOTES could seem futuristic,
we believe that guidelines for NOTES have already been
established. Moreover, robotics and magnetic positioning
technology can provide additional input for NOTES.22 The
feasibility of nephrectomy by NOTES appears in our under-
standing as the extreme of a large spectrum of renal proce-
dures that can potentially be done by NOTES in the near
future. However, we might consider that much study is still
needed to refine techniques, verify safety and document
efficacy before translation into humans to minimize unex-
pected complications.
CONCLUSIONS
Right and left nephrectomy using NOTES was feasible in a
porcine model. Our study also demonstrates the limitations
of the standard devices since we could not reliably achieve
gastrotomy closure and remove the specimen. This study
provides encouragement to further innovative programs to
create devices designed to advance the safety of NOTES.
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ORIGINAL ARTICLE
In vivo assessment of gastrotomy closure with over-the-scope clips
in an experimental model for varicocelectomy (with video)
Carla Rolanda, MD, Esteva˜o Lima, MD, PhD, David Silva, MD, Ivone Moreira, Jose´ M. Peˆgo, MD, PhD,
Guilherme Macedo, MD, PhD, Jorge Correia-Pinto, MD, PhD
Braga, Porto, Portugal
Background: Gastrotomy closure remains the major limiting factor for human translation of transgastric sur-
gery; the over-the-scope clip (OTSC) system was proposed as a possibility for this purpose. Transgastric access
is good for a pelvic approach, making varicocelectomy a possible indication for natural orifice transluminal
endoscopic surgery (NOTES).
Objective: To evaluate the reliability of the OTSC system in vivo after transgastric testicular vessel ligation (var-
icocelectomy model).
Design: There were 3 experimental groups (5 animals in each): groups 1 and 3, gastrotomy dilation up to 18
mm, surgery was performed with a double-channel endoscope; group 2, gastrotomy dilation up to 13 mm,
surgery was performed with a single-channel endoscope.
Setting: Surgical Sciences Research Domain, Life and Health Sciences Research Institute (ICVS), School of
Health Sciences, University of Minho, Braga, Portugal.
Interventions: Bilateral testicular vessel ligation by transgastric access. Gastrotomy closed with the largest ver-
sion of OTSC system (12 mm): a single clip in groups 1 and 2, and 2 clips in group 3. Animals were monitored for
2 weeks, killed, and submitted for necropsy.
Main Outcome Measurements: Adequacy of closure and healing after the use of the OTSC system. Statistical
analysis.
Results: Vessel ligation was easily achieved in all groups. Although differences in the complication rate did not
reach statistical significance (PZ .099), there was a clear tendency for a better prognosis in groups 2 and 3 than
group 1. In fact, only 2 animals from group 1 had complications related to incomplete gastrotomy closure.
Limitations: Small number of animals per group; nonrandomized study.
Conclusions: The OTSC system was shown to be easy and efficient for gastrotomy closure in a survival exper-
imental model of varicocelectomy, when correctly matching the gastrotomy size with the clip size and/or num-
ber. (Gastrointest Endosc 2009;-:-- .)
Envisioning the potential benefits of natural orifice trans-
luminal endoscopic surgery (NOTES), many investigators
tested the feasibility of NOTES in the peritoneal and even
in the thoracic cavities.1,2 From all previous experimental
work, the transgastric approachwas shown to be particularly
applicable forperformingsurgicalprocedures in thepelvis.3,4
Simultaneously, analyses by leaders in the fields of sur-
gery and endoscopy revealed 3 fundamental challenges
and barriers to the safe implementation of NOTES: access
creation, prevention of infection, and visceral closure.5
Gastrotomy creation could be achieved with PEG-like,6 hy-
brid or transvisceral combined7-9 approaches, and the risk
of contamination seems a matter of adequate endoluminal
disinfection and intravenously administered antibiotics,
but the solution to achieving secure closure of the gastric
Abbreviations: NOTES, natural orifice transluminal endoscopic sur-
gery; OTSC, over-the-scope clip.
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defect remains more difficult, and development of endo-
scopic closing devices continues to be a prime area of re-
search and testing.10 Indeed, this aspect seems to be the
most limiting factor for human translation of transgastric
procedures and likely justifies the still-scarce number of
reports of successful NOTES in humans.11,12
Regarding closure techniques, several methods have
been proposed, including conventional endoscopic clips,1
an over-the-scope clip (OTSC) system,13 septal oc-
cluders,14 T-tags,15 and T-bars16 for tissue opposing, as
well as more complex suturing devices such as the Eagle
Claw VII (Olympus Optical Co, Ltd, Tokyo, Japan),17
NDO Plicator (NDO Surgical Inc, Mansfield, Mass),18
USGI Endosurgical Operating System (San Clemente, Ca-
lif),19 and linear endoscopic staplers.20 Moreover, special
techniques in gastrotomy creation and closure, as de-
scribed by Sumiyama et al21 who used submucosal endos-
copy with an offset exit gastrotomy or by Sporn et al,22
who used a PEG technique combined with gastropexy,
have been suggested. However, most of these devices
and techniques still have limitations that need improving,
and most of them are too complex to apply or could not
prove their effectiveness in survival studies.
The OTSC system has a simple method for application,
and it was already approved for clinical use in cases of
bleeding and iatrogenic lesions of the digestive tract.23
An enlarged version of the OTSC system was evaluated
for the use in NOTES with promising results in a nonsur-
vival study,24 highlighting the need for such studies.
Aiming to test the efficacy and reliability of the OTSC
system in vivo for gastric closure, we used the OTSC sys-
tem in a survival porcine model after performing a simple
pelvic procedure such as bilateral testicular vessel ligation.
MATERIALS AND METHODS
Study design
Male pigs (Sus scrofus domesticus) weighing 40 to 45
kg were used to perform a simple pelvic procedure by
NOTES, a transgastric bilateral testicular vessel ligation.
After an initial learning curve, the results of which results
are not reported here, 15 animals were divided in 3 groups:
group 1, 5 pigs, all procedures (gastrotomy and surgery)
were performed by using a double-channel gastroscope
and at the end, a single 12-mm OTSC was applied by using
the same endoscope; group 2, 5 pigs, gastrotomy and
surgery were performed with a standard single-channel
gastroscope and at the end, a single 12-mm OTSC was
applied by using a double-channel endoscope; group 3,
5 pigs, all procedures (gastrotomy and surgery) were per-
formed with a double-channel gastroscope and at the end,
two 12-mm OTSCs were applied by using the same endo-
scope. The animals in all groups were monitored with
a 15-day survival follow-up. This study was approved by
ethics review board of Minho University (Braga, Portugal).
Capsule Summary
What is already known on this topic
d Reliably safe transgastric access could make
varicocelectomy a possible indication for natural orifice
transluminal endoscopic surgery.
What this study adds to our knowledge
d In a study of bilateral testicular vessel ligation by
transgastric access, an over-the-scope system allowed
easy and efficient gastrotomy closure in a porcine model
when the gastrotomy dimension correlated with the clip
size.
Pig preparation
The animals were fed liquids for 3 days and received no
food and water for 8 hours before the surgical intervention.
The stomach was lavaged with instilled water and aspirated
through the gastroscope until free of solid particles. Subse-
quently, it was decompressed and a cefazolin solution (1 g in
200 mL of saline solution) was instilled. The antibiotic solu-
tionwas left in the stomach for 10minutes before also being
aspirated. All procedures were performed with the pigs un-
der general anesthesia with endotracheal intubation and
mechanical ventilation, as described in previous studies.8,9
Surgical technique
Transgastric access. A double-channel endoscope
(G28/34; Karl Storz GmbH & Co KG, Tuttlingen, Germany)
was advanced into the stomach. After stomach prepara-
tion, the preferred gastrotomy site was chosen on the an-
terior wall by transillumination and external palpation.
After gastric wall incision with a needle-knife, puncture di-
lation was performed with an 18-mm through-the-scope
balloon (5837 Microvasive; Boston Scientific Corp, Natick,
Mass) for the double-channel gastroscope passage in
groups 1 and 3, and with a 13-mm through-the-scope
balloon (5836 Microvasive; Boston Scientific Corp) for
passage of a regular single-channel gastroscope (G28;
Karl Storz GmbH & Co KG) in group 2. Then on balloon
semideflection, the gastroscope was pushed forward
into the peritoneal cavity and directed to the pelvic cavity.
Testicular vessel ligation. The animal was placed in
a slight head-down position (Trendelenburg up to 30 de-
grees), and the gastroscope was positioned for anteroinfe-
rior abdominal wall exploration. Once the internal inguinal
ring and the spermatic cord were identified, the gonadal
vessels were approached, sparing the vas deferens. In
groups 1 and 3, two instruments were allowed: a grasping
forceps and a coagulation grasper. By using these instru-
ments, it was possible to grasp and cut the parietal perito-
neum overlying the testicular vessels, high above the
internal inguinal ring, to create a window to reach and mo-
bilize the vessels. When isolation was completed, the
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coagulation grasper was used for a soft coagulation appli-
ance in 2 points of the vessel segment and then cut in the
middle for section. In group 2, only 1 instrument could
be used at a time, and almost all the procedure was done
by using the coagulation grasper, although a less careful dis-
section had been achieved. In all groups, the procedurewas
repeated on the contralateral side. The CO2 pneumoperito-
neum was controlled and maintained up to a maximum of
12 mm Hg with a Veress needle.
Gastrotomy closure
At the conclusion of the intra-abdominal procedure, the
endoscope was withdrawn. The OTSC system (Ovesco
Endoscopy GmbH, Tubingen, Germany) was mounted on
the tip of the double-channel gastroscope, charged with a
12-mm clip (Fig. 1), and inserted into the stomach. After
visualization of the transgastric hole, in groups 1 and 2, a sin-
gle clip was applied according to themanufacturer’s instruc-
tions, after centering the clip over the gastrotomy. In group
3, thefirst clipwas slightly deviated foroneof the extremities
of the gastrotomy, whereas the second was centered on the
other extremity of the gastrotomy and involved part of the
first clip (Video 1, available online at www.giejournal.org).
Once applied in all groups, the clips were inspected and
the tightness of the closure was confirmed by means of air
inflation and the ability to maintain organ distention.
Postoperative care
At the end of the surgical intervention, all animals re-
ceived 1.2 g amoxicillin and clavulanic acid intravenously.
A liquid diet was resumed 8 hours after surgery and a reg-
ular diet 2 days later. The animals were closely monitored
for any signs of postoperative complications, distress,
behavior changes, anorexia, or weight loss. After the fol-
low-up period, the animals were killed and necropsy was
performed to check the healing of the gastric wall incision
and signs of intraperitoneal complications.
Statistical analysis
Continuous variables are presented as mean  standard
deviation. In the experimental groups the total operative
time of the procedures passed the kolmogorov-smirnov
normality test; thus, this parameter was compared with
the one-way ANOVA analysis. The postoperative and nec-
ropsy findings (rate of postoperative complications related
to incomplete gastrotomy closure, gastrotomy position,
persistence of clip on site, and presence of omentum
mesh) were compared by using c2 analysis of contingency
because there were more than 2 groups. However, once
20% of the expected values in contingency tables are less
than 5, the power of the performed test is below the de-
sired power of 0.8. Statistical significance was set at P! .05.
RESULTS
The complete cleansing of the pigs, stomachs was diffi-
cult, even with a liquid diet for an easier emptying. The
transgastric port creation had no significant complications
besides some accidental injuries to the anterior abdominal
wall during the needle-knife procedure, but no lesions on
adjacent organs occurred. Pelvic assessment, vessel identi-
fication, and position adjustments were easily obtained.
The Trendelenburg position and a slide left or right
rotation favored the displacement of intestinal loops,
Figure 1. OTSC system mounted on the tip of the gastroscope: A, External view. B, Restricted image provided by the gastroscope with the OTSC
system mounted.
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allowing good anatomical exposure. In groups 1 and 3, the
surgical procedure was more elegant than group 2, but we
could isolate and safely ligate the vessels easily in all
groups. In fact, no adverse events or bleeding complica-
tions occurred.
We found the OTSC system easy and intuitive. The
most tedious step was the need for gastroscope removal
and loading. Before clip release, a mesh of omentum
was sometimes pulled into the stomach during gastro-
scope withdrawn or suction, and its endogastric portion
was snared and cut after the clip application (this oc-
curred in 1 pig in group 1, 2 pigs in group 2, and 1 pig
in group 3). Immediately after gastrotomy closure, all clips
seemed well positioned, and the stomachs were able to
maintain distention on air inflation (Fig. 2).
Themean time for the overall procedure, including trans-
gastric port establishment, bilateral testicular vessel ligation,
and gastrotomy closure was 64.0 9.4, 53.8 5.5, and 59.2
 7.7 minutes for groups 1, 2, and 3, respectively (PZ .18).
Postoperative follow-up and necropsy results are shown
in Table 1. Although comparison of complication rates
(related to incomplete gastrotomy closure) among the 3
groups did not reach statistical significance (P Z .099),
there was a clear tendency for a better outcome in groups
2 and 3 than group 1. In fact, in group 1, one animal died
within the first 24 hours after the procedure and another
experienced anorexia and progressive prostration during
recovery and was killed 12 days after surgery (both had
evidence of incomplete gastrotomy closure), whereas the
remaining animals had an uneventful recovery. In groups
2 and 3, the postoperative recovery and the survival period
progressed without adverse events related to surgery. In
fact, all the pigs ate heartily and gained weight with no
evidence of infection during the 2 weeks after the proce-
dure. All animals that completed the study follow-up period
had complete healing of the gastrotomy and no evidence of
intra-abdominal abscesses or adhesions (Fig. 3), whereas
no significant differences were identified among the groups
when comparing gastrotomy position (P Z .74), persis-
tence of clip on site (PZ .12), and the presence of omen-
tum mesh on the external side of the stomach (PZ .74) at
necropsy analysis.
Figure 2. Gastrotomy closure. A, OTSC system mounted on the tip of the gastroscope, already in the stomach and having the gastrotomy on the image
center. B, One clip positioned and the defect closed (groups 1 and 2). C, Two clips positioned and the defect closed (group 3).
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TABLE 1. Postoperative follow-up and necropsy data
Survival follow-up Necropsy
Group 1 (gastrotomy dilation
18 mm, 1 clip applied)
1 Dead 24 h later Leakage
Anterior gastrotomy
Clip on site; incomplete closure
2 Good recovery No intra-abdominal complications
Posterior gastrotomy
No clip; defect healed
3 Progressive clinical
deterioration; killed at 12 d
Peritonitis
Anterior gastrotomy
Clip on site; incomplete closure
4 Good recovery No intra-abdominal complications
Anterior gastrotomy
No clip; defect healed
Mesh of omentum
on external side
5 Good recovery No intra-abdominal complications
Posterior gastrotomy
Clip on site; complete closure
Group 2 (gastrotomy dilation
13 mm; 1 clip applied)
1 Good recovery No intra-abdominal complications
Anterior gastrotomy
No clip; defect healed
2 Good recovery No intra-abdominal complications
Anterior gastrotomy
No clip; defect healed
Mesh of omentum
on external side
3 Good recovery No intra-abdominal complications
Posterior gastrotomy
No clip; defect healed
Mesh of omentum
on external side
4 Good recovery No intra-abdominal complications
Posterior gastrotomy
Clip on site; complete closure
5 Good recovery No intra-abdominal complications
Anterior gastrotomy
Clip on site; complete closure
Group 3 (gastrotomy dilation
18 mm; 2 clips applied)
1 Good recovery No intra-abdominal complications
Anterior gastrotomy
Clips on site; complete closure
(continued on next page)
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DISCUSSION
We assessed the efficacy and reliability of the OTSC sys-
tem in vivo for gastric closure in a survival porcine model
after bilateral testicular vessel ligation, transgastric varico-
celectomy, a simple intra-abdominal surgical procedure
that would work as a novel indication for NOTES.
In this study, we used the male pig as an experimental
model. This should be taken into account in survival studies
such as this one becausepig studies are likely the extremeof
luminal contamination and peritoneal dissemination risk.
In fact, we found it sometimes difficult to obtain a clean
stomach in these animals. However, the human stomach
is usually clean after some hours of fasting, and some stud-
ies suggest that transgastric endoscopic peritoneoscopy
does not require stomach decontamination in humans.25
Other important issues are the safety of gastrotomy creation
and the stomach anatomy. Several transgastric access proce-
dures have been described,1-4,6,9,12 but there is a common
step in almost all descriptions, the blind use of a needle-
knife with cautery that is highly risky for adjacent organs,
and this uncertainty is not acceptable for human applica-
tion. In our study, we did have some anterior abdominal
wall injuries. Regarding the optimal location points for gas-
trotomy, many authors suggest the anterior gastric wall of
the corpus or antrum as the preferred location.26 This is
not always accomplished in pigs because of easy gastric ro-
tation, and in our study, gastrotomy location on the poste-
rior gastric wall was not an uncommon finding.
More crucial and likely the most important step for hu-
man translation of NOTES is the method used to achieve
safe closure of the gastric defect. Among the current
methods,1,13-22,26,27 the OTSC system seemed to us to be
the easiest to apply when a single transgastric port is
used for simple procedures. The OTSC system efficacy
for NOTES for gastrotomy closure had only been tested
in a nonsurvival animal study, and although the gastro-
tomy lesions could primarily be closed, half of the animals
revealed that adaptation of the wound margins was not
completely airtight under maximum inflation of the stom-
ach.24 Believing in the concept of the OTSC system, we
designed this protocol with 3 groups in which we varied
the gastrotomy size and the number of clips applied to
test their in vivo efficacy.
Our experience with OTSC in this study reveals some
advantages and disadvantages. We had confirmed its sim-
plicity and intuitive and easy application. However, when
mounted over the scope, the cap narrows the field of
vision and enlarges the gastroscope tip dimension (up to
18 mm), increasing the risk of esophageal trauma. We think
that these aspects were improved with the new transpar-
ent and less traumatic cap currently available. Another con-
cern is the risk of adjacent structure involvement during
suction. Although bowel loop aspiration never occurred
in our protocol, the aspiration of omentum into the stom-
ach through the opening occurred sometimes. We dealt
with this by coagulating and cutting it with a snare after
the clip application, and there were no related problems.
This could even work as an advantage to enhance gastro-
tomy healing because it is well-known that a patch of
omentum could increase the security of bowel perforation
repair. Another relevant conclusion drawn from this study
is that the stomach’s ability to maintain distention with air
inflation immediately after closure is not a totally reliable
TABLE 1 (continued )
Survival follow-up Necropsy
2 Good recovery No intra-abdominal complications
Anterior gastrotomy
Clips on site; complete closure
Mesh of omentum
on external side
3 Good recovery No intra-abdominal complications
Anterior gastrotomy
Clips on site; complete closure
Mesh of omentum
on external side
4 Good recovery No intra-abdominal complications
Posterior gastrotomy
Clips on site; complete closure
5 Good recovery No intra-abdominal complications
Anterior gastrotomy
Clips on site; complete closure
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method to confirm good gastrotomy sealing. In fact, al-
though all animals could maintain air distention in the
stomach immediately after clip application, in group 1,
two animals presented complications related to incom-
plete gastrotomy closure. Our explanation for this is that
acute gastric sealing could be obtained in those animals
because of mucosa congestion and/or edema that with
time regressed, exposing a leak.
The results of our study validate the potential applicabil-
ity of the OTSC system in vivo, but they also stress the need
to find theperfectmatchof clip and gastrotomy size.Usually
for passing a double-channel gastroscope, we used balloon
dilation up to 18mm; the results for group 1 of 2 incomplete
closures in 5pigs raise someconcerns regarding the safety of
this clip for this size opening. In group 2, when we dilated
just up to 13 mm for single-channel gastroscope passage,
the results were 100% successful. Although there are 2 sizes
of clips available, each one adapting to the 2 regular diame-
ters of flexible endoscopes, the message here is that it is
safer to apply a clip that is larger than the endoscope used
Figure 3. Necropsy findings. A, Overall abdominopelvic view. B, Gastric external view of the healed gastrotomy. C, Internal gastric wall with 2 clips in
position. D, Internal gastric wall with 1 clip in position. E, Internal gastric wall showing the healed defect without clip.
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for transgastric surgery, seeking a better match between the
clip and gastrotomy size. Of course a problem still remains:
how to close larger openings, mainly when large multitask-
ing platforms are used? Attempting to answer this question,
we used a third experimental group with the largest gastro-
tomy (similar to group1), inwhichwe applied 2 clips instead
of only 1 clip. Surprisingly, we found it easy to apply a second
clip even if it is released partially overlapping the first clip.
Follow-up of the pigs in group 3 revealed no complications,
suggesting that 2 clips could be a reasonable solution for
larger gastrotomies. We believe that for simple procedures,
as used in our study, thinner endoscopes would be suffi-
cient, and a single-clip adequate to close the gastrotomy.
These findingsmight have implications for othermore com-
plex procedures in which a combined hybrid approach
might be a smooth transition for pure NOTES while new
endoscopes and devices are being developed.
We selected a simple and effective surgical procedure,
and the anatomical exposure of the pelvic excavation and
anteroinferior abdominal wall for testicular vessel ligation
was excellent, with the help of some external adjustments
such as use of the Trendelenburg position. Testicular vessel
ligation was intentionally chosen because it mimics a cur-
rent procedure performed in males, varicocelectomy. The
term varicocele defines an abnormal tortuosity and dilation
of the testicular veins in the pampiniform plexus that has
an overall incidence of approximately 10% to 15%, and
there is a clear association among varicocele, infertility,
and testicular growth arrest. It is also known that varicoce-
lectomy can reverse growth arrest in adolescents with var-
icocele, and all those aspects support an early intervention
in selected cases.28 Accepting this new era of transforming
surgery in an even more minimally invasive field, we tested
successfully that varicocelectomy, when using a modified
Palomo approach, could became a novel and good indica-
tion for NOTES.
In conclusion, the OTSC systemwas easy to apply and ef-
ficient in gastrotomy closure in an experimental survival
model of varicocelectomy when correctly matching the gas-
trotomy size and clip size and/or number. This study encour-
ages further research to make simple pelvic procedures
performed by the transgastric approach safe in humans.
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